ning growth and deepening the root system, which usually involves boosting the root/shoot ratio (Pinheiro and Chaves, 2011) . On the other hand, the reduction in leaf area is the first line of defense against drought, reducing the water loss by plants (Chaves et al., 2003; Taiz and Zeiger, 2010) .
In perennial species like eucalyptus, it has been found that drought-tolerant genotypes are not very productive, since the tolerance mechanisms involve metabolic costs, such as stomatal closure, producing osmoprotective compounds and deepening the root system at the expense of aerial growth (Chaves et al., 2009; Paula et al., 2012) , and genotypes that exhibit higher growth are usually more drought-sensitive, with a higher reduction in growth in response to water deficit (Pereira et al., 2010) . However, the ideal would be to obtain genotypes with satisfactory growth even under poor water availability conditions.
Tolerance/sensitivity to water deficit can be evaluated based on biometric parameters and accumulation of dry weight in the plant's organs during the initial development phase, such as the accumulation of total dry weightwhich has proved to be adequate for comparing genotypes under different water availability conditions (Tatagiba et al., 2007) .
The aim of this study was to evaluate the growth of Eucalyptus urograndis hybrids under different water availability conditions with a view to classifying the materials in terms of their response to soil water deficit.
Material and methods

Treatments
The performance of f ive commercial hybrids of Eucalyptus urograndis, designated H1, H2, H3, H4 and H5, was evaluated under five different soil moisture levels. The seedlings were produced using the minicutting process and at 70 days were planted in black plastic pots containing 10 kg of soil samples taken from eucalyptus cropping areas. The substrate was limed and fertilized according to the soil analysis and the technical recommendations for the crop. The experiment was conducted in a greenhouse covered with a transparent plastic film 150 µm thick, with lateral screening to intercept 30% of the light, between June and September 2011, with the following average temperature and relative humidity figures -June: 17.9°C and 68.8%; July: 20.1°C and 62.5%; August: 21.7°C and 56.3%; September: 23.0°C and 48.9%.
During 26 days after planting, the substrate was watered daily to ensure that the cuttings survived. The treatments corresponding to the different soil moisture levels (SML) were determined based on maximum water retention capacity, so as to maintain the substrate at 65, 50, 35 and 20% of this capacity until the end of the experiment, which lasted 120 days as from planting. The gravimetric method was used to replenish the water daily and maintain the required moisture levels.
Plant growth
Plant growth was evaluated based on height (HGT); collar diameter (DIAM); number of leaves (NL); leaf area (LA) using a leaf area meter (Li-Cor 3100); dry weight of leaf (LDW), stem + branches (SBDW) and root (RDW). The dry weight data were used to obtain the shoot (SDW = SBDW + LDW) and total dry weight (TDW = SDW + RDW) and the root/shoot ratio (R/S = RDW/SDW). Evaluations were made at the beginning and end of the experiment. To determine the initial dry weight, when the experiment was set up we dried six plants representative of each hybrid.
Data analysis
On analyzing the data, the effects of the water regimes on each hybrid were compared to the treatment at 65% SML in terms of alteration in growth (%), and to eliminate the effects of differences in the development of the cuttings on setting up the experiment, the data were also analyzed in terms of relative increment (RI) using the following formula: RI = [(Ae -Ab)/ Ab] * 100, where Ae is the value of characteristic A (height, diameter, etc.) at the end of the experiment and Ab is the value of characteristic A (height, diameter, etc.) at the beginning of the experiment.
The experimental design was fully randomized in a 5 × 4 factorial arrangement (five hybrids and four soil moisture levels) with six single-plant replications, involving a total of 120 plants. Analysis of variance (ANOVA) followed by F test was carried out and the means of treatments were compared using the Tukey test at 5% probability, using the SISVAR program (Ferreira, 2011) . To classify the hybrids in terms of water use efficiency and response to water def icit, we used an adaptation of the method proposed by Fageria and Kluthcouski (1980) , with a Cartesian graph representation, the x-axis representing water use efficiency defined by the mean of the characteristic for each hybrid at the lowest SML (20%), and the y-axis representing the drought response obtained by the difference between the characteristic at 65% and 20% SML. The origin of the graph is the mean efficiency and mean response of the hybrids. Thus, hybrids appearing at the top right are classified as efficient and sensitive (ES), at the top left as not efficient and sensitive (NES), at the bottom left as not efficient and tolerant (NET) and at the bottom right as efficient and tolerant (ET).
Results
All the characteristics evaluated were adversely affected as the soil moisture level (SML) dropped, irrespective of the hybrid. However, there was a greater reduction in the accumulation of dry weight than in height (HGT), diameter (DIAM) and number of leaves (NL). For instance, leaf dry weight (LDW) under water def icit dropped 84.2% for hybrid H5, whereas NL dropped by only 77.1% for H2 (Table 1) .
At the first indication of water shortage, when the soil moisture level dropped from 65% to 50%, H2 exhibited the steepest drops in HGT (12%), DIAM (15,8%), NL (24,7%) and leaf area (LA; 26%), whereas under the same conditions, the H1 exhibited decrease of 7.7% in HGT and 10.4% in NL and the H4 dropped 10.3% in DIAM and 20% in LA. At other soil moisture levels, the drops in the values of these characteristics were similar across all hybrids (Table 1) .
Hybrids H2, H3 and H4 did not change significantly (p > 0,05) the root/shoot ratio (R/S) as the soil moisture level dropped. However, for H1, R/S was highest at 35% SML and for H5 at 20% SML and for each soil moisture level, H5 usually exhibited the lowest R/S, except at 20% SML, the level at which there were no differences among the hybrids ( Table 2) .
The relative increment (RI) in biometric traits and accumulation of biomass resulted similar classifica- tion of hybrids at the highest levels of water availability, 65% and 50% soil moisture level (Fig. 1) . In terms of NL, the most contrasting genotypes were H2 and H5, with H5 exhibiting the lowest relative increment. The highest RI-HGT was obtained for H5 at 65% SML. At 50% SML, the differences among the hybrids in terms of height were greater, with the highest value for H5 and H2 exhibited the lowest increment. The highest RI-LA was obtained for H3 and H2 exhibited the lowest increment. In general, the relative increment for dry weight was higher in H1, H3 and H5, the H2 exhibited the lowest increment at 65 and 50% SML. Significant differences (p < 0.05) in RI-DIAM were found between the hybrids only at 50% SML: H1 exhibited a higher RI-DIAM than H2 (Fig. 2) .
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In the treatment at 35% SML, no significant differences were detected among the hybrids for RI-NL and RI-DIAM. However, the RI-HGT was higher for H1 and H5, which, together with H3, also exhibited a higher RI-RDW. H2 exhibited a lower relative increment in terms of leaf area and leaf, stem + branches and total dry weight (Fig. 2) .
At the lowest water availability (20% SML), significant differences (p < 0.05) between the hybrids were detected only in terms of RI-HGT where H5 exhibited the highest value and H2 and H3 the lowest ones (Fig. 2) .
In classifying the hybrids in terms of water use efficiency and response to water deficit based on the increment in NL, LA, HGT and DIAM, we noted that each of these characteristics resulted in a different classification for the hybrids, whereas based on the dry weight increments (except for LDW), the classification was similar (Fig. 2) .
Efficient and tolerant (ET) hybrids were identified based on the relative increment in NL (H4 and H5), LA (H4 and H1), HGT (H1), DIAM (H1) and LDW (H4). In respect of the additional dry weight parameters, eff icient hybrids H1, H3 and H5 were also classified as sensitive, i.e. they exhibited a severe drop in the accumulation of dry weight as water availability was reduced (Fig. 2) . This analysis method could provide a useful tool for identifying the most productive and drought-tolerant genotypes in breeding projects. 
Discussion
The water restriction promoted a greater reduction in the accumulation of dry weight than in height (HGT), diameter (DIAM) and number of leaves (NL). This may be due to reduced leaf area and consequently a drop in the plant's assimilation of carbon to produce biomass. Similar results were obtained by Nascimento et al. (2011) studying the jatoba (Hymenaea courbaril L.), who showed that dry weight production was the characteristic most sensitive to water deficit. 
